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Introduction {#sec006}
============

Given the fact that the experience of adversities is an inevitable aspect of human life, it is crucial to understand why individuals differ in their responses to adversity. The Sense of Coherence (SOC) construct, originally developed by Antonovsky \[[@pone.0209550.ref001]\], explains interindividual differences in response to adversity (see also \[[@pone.0209550.ref002]\]). It is based upon the assumption that the experience and successful handling of adversity is an indispensable prerequisite for the development of psychological resistance, which assists in maintaining or promoting health \[[@pone.0209550.ref003]\]. The corresponding psychometric scale \[[@pone.0209550.ref004]\] has received much empirical attention and has become one of the most frequently applied salutogenic instruments across the globe \[[@pone.0209550.ref005]\]. While some studies have found the SOC instrument to be a reliable and valid measure for assessing sense of coherence \[[@pone.0209550.ref006]\], other studies have criticized its psychometric properties and measurement \[[@pone.0209550.ref007]\]. More specifically, this criticism has involved its factorial structure \[[@pone.0209550.ref008], [@pone.0209550.ref009]\], external validity \[[@pone.0209550.ref010], [@pone.0209550.ref011]\], stability \[[@pone.0209550.ref012], [@pone.0209550.ref013]\], as well as its utility \[[@pone.0209550.ref014]\].

Bachem and Maercker \[[@pone.0209550.ref014]\] proposed the revised SOC (SOC-R) scale that addressed the aforementioned shortcomings of the original scale. Conceptually, the definition of the SOC-R refers to "... the general ability to perceive life phenomena as connected to each other and to balance positive and negative appraisals of life experiences" \[[@pone.0209550.ref014]\]. It may thus be understood as a meta-heuristic, comparable, for instance, to the interactive concept of (stress-related) resilience. Resilience can be defined as an ability to adapt to (or reduced vulnerability to) stress or adversity \[[@pone.0209550.ref015]\]. Resilience is a common phenomenon \[[@pone.0209550.ref016]\], that can be described as "..an interactive concept that is concerned with the combination of serious risk experiences and a relatively positive psychological outcome despite those experiences" \[[@pone.0209550.ref017]\] as well as "..the ability to maintain a stable equilibrium" \[[@pone.0209550.ref018]\]. The SOC-R is particularly dedicated to the acknowledegement of the co-existence and integration of positive and negative life experiences by respecting and accepting those as equivalent facets of life.

The SOC-R has recently been validated in various samples differing in the degree of experienced adversities and age. For its initial validation, Bachem and Maercker \[[@pone.0209550.ref014]\] examined two middle-aged samples: one sample (from now on referred to as Sample 1) consisted of *N* = 334 bereaved participants (*M*~AGE~ = 44 years, 87.4% women) who had lost someone close to them in the recent past. The other sample (i.e. Sample 2) consisted of *N* = 157 control participants (*M*~AGE~ = 40 years, 63.1% women). With respect to the factorial structure, the conducted confirmatory factor analyses (CFA) proposed a three-factor solution for both samples, comprising the dimensions 'manageability', 'reflection', and 'balance'. The model fit indices were better for Sample 1 in comparison to Sample 2 \[[@pone.0209550.ref014]\]. This was interpreted as an indication of a higher relevance of the SOC-R for individuals dealing with major (as opposed to minor) life events. Reliability analyses revealed that the SOC-R scale can be considered internally consistent and stable over the observed time intervals of one and 15 months. Convergent and discriminant validity was tested by correlating the SOC-R with commonly applied mental health measures (e.g. depression, anxiety, optimism, and posttraumatic growth) and were found to be good. On the basis of this initial validation of the revised SOC scale, it was cautiously concluded that the SOC-R scale had overcome the methodological shortcomings of the original scale \[[@pone.0209550.ref014]\].

In a next step, in order to evaluate the psychometric properties of the SOC-R in an older adult sample (i.e. Sample 3), we examined the SOC-R in *N* = 268 Swiss participants (Mage = 67 years, 71.3% women, \[[@pone.0209550.ref019]\]). The sample was divided into a younger (50--64 years) and an older (65 years and older) group to test whether the SOC-R may also be of relevance for individuals at differing older-age stages. The three-factor model was replicated with a good model fit in the complete sample as well as in both age-group samples \[[@pone.0209550.ref019]\]. Internal consistencies for two out of three scales were good (i.e. low internal consistency was shown for the 'balance' subscale). Convergent and discriminant validity were meaningful and within an acceptable range. Age was not shown to meaningfully impact SOC-R, implying stability of the SOC-R measure (however, keeping in mind that this was a cross-sectional study and therefore not able to address the question with regard to intraindividual stability over time). This study tentatively suggests that the SOC-R scale also seems to be a reliable and valid measure for assessing sense of coherence in adults of advanced age \[[@pone.0209550.ref019]\].

The construct of the SOC is closely linked to the experience of adversity. On one hand, it is theoretically thought to develop through the successful coping with adversity \[[@pone.0209550.ref004]\]. On the other hand, once formed, it should not be affected by additional adversity and thus provides the basis for maintaining psychological health \[[@pone.0209550.ref020]\]. However, this appears to contradict the repeated findings of worse mental and physical health in individuals that experienced early-life adversities and trauma \[[@pone.0209550.ref021], [@pone.0209550.ref022]\]. To better understand the role of SOC-R with respect to the relationship between early-life adversity and psychological health in older adults, we conducted cross-sectional \[[@pone.0209550.ref019]\] and longitudinal analyses with Sample 3 \[[@pone.0209550.ref023]\] in order to examine the potential moderating role of SOC-R. Cross-sectional analyses revealed a meaningful moderation effect of SOC-R on the association between childhood emotional neglect and current mental health. The study also provided initial evidence for a buffering effect of SOC-R against the detrimental impact of early-life adversity on mental health in later life in individuals with stronger SOC-R \[[@pone.0209550.ref019]\]. Longitudinal analyses (two assessments one year apart), partly replicated these findings, by showing a moderation effect for the SOC-R sub-scale 'manageability' (but not for the total SOC-R) on the relationship between chronic (recent) stress and mental health \[[@pone.0209550.ref023]\].

The initial validations of the newly constructed SOC-R are promising and suggest that the revised SOC scale is a valid and reliable measure to assess sense of coherence in the conducted studies with individuals at varying adversity levels and age stages. They further propose a moderating impact of the SOC-R on the association between early adversity and current mental health. Nonetheless, due to the relatively small sample size and non-representative nature of the previous sample compositions, generalization of these results is limited. We therefore aim to examine the psychometric properties of the revised SOC scale in a representative German sample. We hypothesized that the SOC-R would not be influenced by the socio-demographic characteristics age and gender. As Bachem and Maercker \[[@pone.0209550.ref014]\] found a positive association between education and the subscales 'manageability' and 'reflection', we hypothesized that SOC-R is influenced by level of education. Based on initial exploratory analyses by Mc Gee et al. \[[@pone.0209550.ref019]\] we set out to further examine the potential moderating role of SOC-R on the relationship between childhood adversity and mental health in a larger sample. We hypothesized that SOC-R would act as a moderator not only between childhood adversity (in particular emotional neglect) and mental health (depression and anxiety), but also between potentially traumatic events experienced during the lifetime and current mental health.

Materials and methods {#sec007}
=====================

Study design {#sec008}
------------

The present study was part of a nationwide household survey conducted in Germany. The larger research endeavour of this survey study was the collective assessment of various aspects of the physical and mental well-being of a representative sample of the German resident population. In the complete survey, 23 different assessment units were included in the survey package (in addition to a demographic survey), comprising of single items (e.g. BMI, diabetes), item clusters (e.g. on migration background), and standardized instruments (e.g. assessing eating disorder, head ache, pain regions, or self-injurious thoughts). The current study focused on data collected on childhood maltreatment and trauma and lifetime traumatic events, depression and anxiety, and use of psychological resources (as described below). A representative sample of the general population was collected with the assistance of a demographic-consulting company (USUMA, Berlin, Germany), on behalf of the University of Leipzig. The study was conducted in accordance with the Declaration of Helsinki. It further fulfilled the ethical guidelines of the International Chamber of Commerce and of the European Society of Opinion and Marketing research. The study was approved by the ethics committee of the Medical Faculty of the University of Leipzig (297/16-ek).

Participants {#sec009}
------------

Eligible participants were individuals aged 14 years or older and had the ability to read and understand the German language. No additional inclusion or exclusion criteria were applied.

Procedure {#sec010}
---------

As part of the sampling procedure, a network was used consisting of 258 sample areas representative of the different regions in Germany. Within each regional area, households were then selected using random route procedure. The Kish-Selection-Grid technique was then used to sample individuals on the doorstep by randomly selecting one member from each household who fulfilled the inclusion criteria. From the 258 sample points, a total of 4902 households were selected for the study, of which 4838 were valid. A maximum of four attempts were made to contact the selected member of the household. Data collection took place from September to November 2016 and a total of 2510 face-to-face interviews were conducted (a participation rate of 51.9% of the valid addresses). Each participant was assessed once, with a study assistant present at each interview. Participation in the study was voluntary and responses were assessed anonymously. Participants were first informed about the study procedure and about the possibility of a later withdrawal of their consent. In the case of the participation of minors, a parent was additionally informed about the content of the study and the selection procedure. All participants provided informed consent. The consent received from the participants and/or guardians was verbal.

Measures {#sec011}
--------

In addition to the standardised questionnaires, participants completed a demographic survey, which collected data on age, gender, family status, living situation, education, employment status, and financial status.

### Sense of coherence scale---Revised {#sec012}

The SOC-R scale \[[@pone.0209550.ref014]\] measures the way individuals perceive and integrate life experiences in order to maintain and develop health. It yields a total score and consists of 13 items rated on a five-point Likert scale. The SOC-R scale has three dimensions: *Manageability* (e.g., "One can always find a way to cope with painful things in life"; also, including one recoded item: "Difficult situations overstrain me"), *Reflection* (e.g., "Normally I can consider a situation from various perspectives"), and *Balance* (e.g., "In my thoughts and actions I take into account that things often have two sides: good and bad ones"). Response options range from 1 (not at all true) to 5 (extremely true). It is available in English and German, and initial results with the German version show adequate/good internal consistency of between α = .75 and .81 for the total scale, and poor to adequate internal consistency of between α = .57 and .77 for the three subscales. It has also been shown to have a high retest reliability coefficient of *r* = .85 over four weeks, and *r* = .74 over 15 months \[[@pone.0209550.ref014]\].

### The Patient Health Questionnaire-4 {#sec013}

The Patient Health Questionnaire-4 (PHQ-4, \[[@pone.0209550.ref024]\]) is used as a screening instrument for depression and anxiety. It consists of two items assessing core symptoms of depression (PHQ-2) and two items assessing core symptoms for generalized anxiety disorder (GAD-2). Participants are asked to consider the preceding two weeks when completing the instrument and response options range from 0 (not at all) to 3 (nearly every day). For each subscale, a score of 3 or greater is considered positive for screening purposes. The instrument shows adequate internal consistency of α = .78 for the total scale, α = .75 for the depression subscale, and good internal consistency α = .82 for the anxiety subscale \[[@pone.0209550.ref024]\].

### Childhood Trauma Questionnaire {#sec014}

The Childhood Trauma Questionnaire (CTQ, \[[@pone.0209550.ref025]\]) assesses five types of trauma and maltreatment experienced during childhood: physical, sexual, and emotional abuse, and physical and emotional neglect. It consists of 28 items rated on a five-point Likert scale with response options ranging from 1 (never true) to 5 (very often true). The German version shows good internal consistency of α = .87 for the emotional abuse subscale, α = .80 for the physical abuse subscale, α = .89 for the sexual abuse subscale, α = .83 for the emotional neglect subscale, and, to a lesser extent, α = .55 for the physical neglect subscale \[[@pone.0209550.ref026]\].

### Life Events Checklist {#sec015}

The Life Events Checklist for DSM-5 (LEC-5, \[[@pone.0209550.ref027], [@pone.0209550.ref028]\]) is used to screen for potentially traumatic events experienced in a participant's lifetime. Comprised of 17 items, it assesses lifetime exposure to 16 events potentially associated with posttraumatic stress disorder (PTSD) or distress, and includes one item to assess any additional stressful event not captured in the previous 16 items. The LEC-5 generates the total number of events experienced personally, witnessed, learned about, and exposed to as part of your job. In the current study, total number of events experienced was used. Psychometric properties are currently not available for the LEC-5. However, the revisions from the original version of the LEC (LEC for DSM-IV) were minimal and the psychometric prosperities of the LEC-5 can be indirectly established based on its similarity to the original LEC \[[@pone.0209550.ref027]\]. The LEC for DSM-IV showed adequate test-retest reliability at both the item and total scale level over a one-week period. It also showed sufficient convergent validity with all but one item producing a kappa coefficient of .40 or higher \[[@pone.0209550.ref028]\].

Statistical analysis {#sec016}
--------------------

IBM Statistical Package for Social Sciences (SPSS) version 24.0 was used to analyse the data (IBM Corp., Armonk, N.Y., USA, \[[@pone.0209550.ref029]\]). There were less than 1% missing values for each instrument and Little's missing completely at random (MCAR) test indicated that data in all but one instrument were MCAR \[[@pone.0209550.ref030]\]. Due to low percentage of missing data, values were replaced using the Expectation-Maximization algorithm \[[@pone.0209550.ref031]\]. The means of the participant on a subscale level were calculated for data not missing at random. Confirmatory Factor Analysis (CFA) assessed model fit using maximum likelihood estimation procedures. Good model fit was determined following recommendations by Hu and Bentler \[[@pone.0209550.ref032]\], Marsh et al. \[[@pone.0209550.ref033], [@pone.0209550.ref034]\], and Kline \[[@pone.0209550.ref035]\]: root mean square error of approximation (RMSEA) ≤ .06, standardised root mean square residual (SRMR) ≤ .08, comparative fit index (CFI) ≥ .95, and Tucker-Lewis index (TLI) ≥ .95. A non-significant chi-square (χ^2^) also indicated good model fit, but was used as a secondary fit index due to its sensitivity to large samples. The following cut-off criteria were used for factor loadings: \> .71 = excellent, .63--.70 = very good, .55--.62 = good, .45--.54 = fair, .32--.44 = poor, and \< .32 = not interpreted \[[@pone.0209550.ref036]\]. Internal consistency was assessed using Cronbach's alpha (α), with alpha coefficients of ≥ .70 considered adequate and ≥ .80 considered good \[[@pone.0209550.ref037]\]. Pearson's correlations were examined between the SOC-R scale and other psychological measures to test for discriminant validity. Following the cut-off criteria outlined by Cohen \[[@pone.0209550.ref038]\], correlations of .10 were considered small, .30 moderate, and .50 large. An independent t-test was used to test for differences in SOC-R between the two gender groups. A one-way between samples ANOVA was used to test for differences in SOC-R between the age groups and education levels. Additional post-hoc analyses (Gabriel's test and the Games-Howell test) were conducted to further examine differences between the groups.

Results {#sec017}
=======

Sample characteristics {#sec018}
----------------------

The total sample consisted of 2510 participants, from which 109 multivariate outliers were removed. Due to data missing at the total scale or subscale level, an additional *n* = 28 participants were then excluded from the analyses. The final sample consisted of *N* = 2373 participants, with an age range of 14--94 years (*M* = 48.24 years; *SD* = 18.26). The sample was comprised of 1240 females (52.3%) and 1133 males. The majority of participants had completed secondary school education (53.3%) or primary school education (29.7%) and 10.2% had completed university-level education. [Table 1](#pone.0209550.t001){ref-type="table"} summarizes sample characteristics.

10.1371/journal.pone.0209550.t001

###### Sample characteristics.

![](pone.0209550.t001){#pone.0209550.t001g}

  Sample Characteristics                            Total (*N* = 2373)   Male       Female                        
  ------------------------------------------------- -------------------- ---------- --------- --------- --------- ---------
                                                    **M**                ***SD***   ***n***   ***%***   ***n***   ***%***
  Age (years; age range = 14--94 years)             48.24                18.26                                    
  [Age groups]{.ul}:                                                                                              
   Youths (up to 18.9 years; *n* = 106)             16.25                1.26       56        47.2      50        52.8
   Young adults (19.0--34.9 years; *n* = 536)       26.97                4.62       272       50.7      264       49.3
   Middle age (35.0--49.9 years; *n* = 569)         42.17                4.44       251       44.1      318       55.9
   Late-middle age (50.0--64.9 years; *n* = 639)    56.54                4.32       316       49.5      323       50.5
   Older adults (65.0 years and older; *n* = 523)   73.01                6.07       238       45.5      285       54.5
                                                    ***n***              **%**                                    
  Gender (% female)                                 1240                 52.3       --        --        --        --
  [Education level]{.ul}: (*n* = 2367)                                                                            
   Lower than primary school                        51                   2.1        24        47.1      27        52.9
   Primary school                                   705                  29.7       342       48.5      363       51.5
   Secondary / High school                          1265                 53.3       583       46.1      682       53.9
   Vocational training                              103                  4.3        53        51.5      50        48.5
   University                                       243                  10.2       129       53.1      114       46.9
  [Employment status]{.ul}: (*n* = 2354)                                                                          
   Full-time                                        1030                 43.4       655       57.8      375       30.2
   Part-time                                        318                  13.4       36        3.2       282       22.7
   Voluntary work                                   24                   1.0        3         .3        21        1.7
   Currently unemployed                             115                  4.8        62        5.5       53        4.3
   Retired                                          596                  25.1       257       22.7      339       27.3
   Not working                                      72                   3.0        1         .1        71        5.7
   Training                                         41                   1.7        21        1.9       20        1.6
   In education                                     158                  6.7        89        7.9       69        5.6
  [Marital status]{.ul}: (*n* = 2364)                                                                             
   Married                                          1099                 46.3       531       46.9      568       45.8
   Single                                           746                  31.4       415       36.6      331       26.7
   Divorced                                         320                  13.5       143       12.6      177       14.3
   Widowed                                          199                  8.4        40        3.5       159       12.8

*Note*. *M* = mean; *n* = number; *SD* = standard deviation.

Factorial structure of SOC-R {#sec019}
----------------------------

To examine the factor structure, one-factor and three-factor solutions were modelled using CFA. The fit statistics for the three CFA models are presented in [Table 2](#pone.0209550.t002){ref-type="table"}. Fit indices indicated a poor model fit for the one-factor model (χ^2^ (65) = 1931.85, *p* \< .01) with a RMSEA and 90% confidence interval of .110 \[.106, .114\] and an SRMR of .073. Poor model fit was also indicated by the CFI (.85) and TLI (.82). Fit indices showed improved model fit for the three-factor model (χ^2^ (62) = 987.12, *p* \< .01), with the RMSEA of .079 \[.075, .084\] and SRMR (.056) both meeting the criteria for good model fit. However, better model fit was shown in the modified three-factor model (χ^2^ (60) = 683.49, p \< .01), as indicated by the RMSEA (.066 \[.062, .071\]) and SRMR (.047). The CFI (.95) also indicated good model fit, with the TLI (.93) showing acceptable fit just below the cut-off criteria of ≥ .95. With regard to item loadings, most standardized factor loadings met the cut-off criteria of .32 (indicating an explained variance of 10%). Factor loadings ranged from fair to excellent with a range of .46 to .83, with the exception of item two on the manageability subscale ("Difficult situations overstrain me"), which showed a factor loading of .16. Errors for two items in the 'balance' subscale were co-varied following the model in Bachem and Maercker \[[@pone.0209550.ref014]\]. In addition, a high covariance of errors was also identified for two items in the 'manageability' subscale. Further inspection of these items ('*6*. *Difficult situations overstrain me*' and '*8*. *Due to my experiences in life I can handle new situations well*') showed that the items were similarly worded (with one reverse-scored item), focusing on the manageability of different types of situations. According to research by Marsh \[[@pone.0209550.ref039]\] and Brown \[[@pone.0209550.ref040]\], such covariation may be a result of response style associated with the similar wording of the two items. These errors were therefore allowed to co-vary, which improved model fit. Moderately high correlations were shown between the three factors, indicating the presence of a higher-order factor. Therefore, "sense of coherence (SOC-R)" was modelled as a second-order factor with "manageability", "balance", and "reflection" as three first-order factors. Fit statistics remained the same as in the modified three-factor model and all factor loadings for the second-order factor loaded significantly on the three first-order factors within the excellent range (\> .71). The factor structure of the modified three-factor model with and without the second-order factor is shown in [Fig 1](#pone.0209550.g001){ref-type="fig"}.

10.1371/journal.pone.0209550.t002

###### Fit indices for the confirmatory factor analyses (CFA) models of the revised sense of coherence (SOC-R) scale.

![](pone.0209550.t002){#pone.0209550.t002g}

  -------------------------------------------------------------------------------------------------------------------------------------------
  Model                           χ^2^ (*p* value)   *df*     RMSEA & CI           SRMR       CFI        TLI        AIC          BIC
  ------------------------------- ------------------ -------- -------------------- ---------- ---------- ---------- ------------ ------------
  1-factor model                  1931.849\          65       .110\                .073       .848       .817       1983.85      2133.92
                                  (*p* = .000)                \[.106, .114\]                                                     

  3-factor model                  987.115\           62       .079\                .056       .925       .905       1045.12      1212.50
                                  (*p* = .000)                \[.075, .084\]                                                     

  **3-factor model (modified)**   **683.487**\       **60**   **.066**\            **.047**   **.949**   **.934**   **745.49**   **924.42**
                                  **(*p* = .000)**            **\[.062, .071\]**                                                 

  **Second-order**                                                                                                               
  -------------------------------------------------------------------------------------------------------------------------------------------

*Note*. Best fitting model in bold.

AIC = Akaike information criterion; BIC = Bayesian information criterion; CFI = comparative fit index; CI = confidence interval; *df* = degree of freedom; *p* = probability; RMSEA = root mean square error of approximation; SRMR = standardised root mean square residual; TLI = Tucker-Lewis index; χ^2^ = significant chi-square.

![Factor structure of the modified three-factor model (with and without the second-order factor) with factor loadings and co-variances.](pone.0209550.g001){#pone.0209550.g001}

Internal consistency of the SOC-R {#sec020}
---------------------------------

Reliability analyses showed a Cronbach's alpha coefficient of α = .87 for the SOC-R total scale, indicating good internal consistency. The 'reflection' subscale also showed good internal consistency (.86), with the 'manageability' (α = .72) and 'balance' (α = .71) subscales showing adequate internal consistency.

Discriminant validity of the SOC-R {#sec021}
----------------------------------

Discriminant validity was demonstrated by significant negative correlations with small effect sizes between the SOC-R total scale and psychopathological constructs, such as anxiety (*r* = -.08, *p* \< .01), depression (*r* = -.10, *p* \< .01), and various indicators of childhood trauma and maltreatment (*p* \< .01). Emotional neglect (*r* = -.27, *p* \< .01) and physical neglect (*r* = -.25, *p* \< .01) showed the largest correlations with SOC-R, although within the range of a small effect size. All SOC-R subscales showed significant or non-significant negative correlations with the psychopathological constructs, with the exception of the balance subscale, which showed significant, but low positive correlations with anxiety (*r* = .06, *p* \< .01), depression (*r* = .05, *p* \< .05), and emotional abuse (*r* = .04, *p* \< .05). In addition, significant positive correlations with small effect sizes were shown between the LEC-5 and the total SOC-R scale (*r* = .10, *p* \< .01), as well as with all SOC-R subscales (*p* \< .01). See [Table 3](#pone.0209550.t003){ref-type="table"} for the correlation matrix.

10.1371/journal.pone.0209550.t003

###### Discriminant correlations of revised sense of coherence (SOC-R) scale with psychopathological measures.

![](pone.0209550.t003){#pone.0209550.t003g}

  Measures                                    *M*     *SD*   SOC-R Total                                        Manageability                                      Balance                                            Reflection
  ------------------------------------------- ------- ------ -------------------------------------------------- -------------------------------------------------- -------------------------------------------------- --------------------------------------------------
  [SOC-R Total]{.ul}:                         44.82   8.03   --                                                                                                                                                       
   Manageability                              17.39   3.33   **.86**[\*\*](#t003fn002){ref-type="table-fn"}     --                                                                                                    
   Balance                                    12.83   3.16   **.78**[\*\*](#t003fn002){ref-type="table-fn"}     **.47**[\*\*](#t003fn002){ref-type="table-fn"}     --                                                 
   Reflection                                 14.60   3.10   **.87**[\*\*](#t003fn002){ref-type="table-fn"}     **.68**[\*\*](#t003fn002){ref-type="table-fn"}     **.50**[\*\*](#t003fn002){ref-type="table-fn"}     --
  [Total burden on health]{.ul}:              1.23    1.94   **--.10**[\*\*](#t003fn002){ref-type="table-fn"}   **--.21**[\*\*](#t003fn002){ref-type="table-fn"}   **.06**[\*\*](#t003fn002){ref-type="table-fn"}     **--.08**[\*\*](#t003fn002){ref-type="table-fn"}
   Anxiety                                    .61     1.02   **--.08**[\*\*](#t003fn002){ref-type="table-fn"}   **--.18**[\*\*](#t003fn002){ref-type="table-fn"}   **.06**[\*\*](#t003fn002){ref-type="table-fn"}     **--.08**[\*\*](#t003fn002){ref-type="table-fn"}
   Depression                                 .62     1.05   **--.10**[\*\*](#t003fn002){ref-type="table-fn"}   **--.20**[\*\*](#t003fn002){ref-type="table-fn"}   **.05**[\*](#t003fn001){ref-type="table-fn"}       **--.08**[\*\*](#t003fn002){ref-type="table-fn"}
  [Childhood trauma and maltreatment]{.ul}:                                                                                                                                                                           
   Emotional abuse                            6.52    2.36   **--.06**[\*\*](#t003fn002){ref-type="table-fn"}   **--.12**[\*\*](#t003fn002){ref-type="table-fn"}   **.04**[\*](#t003fn001){ref-type="table-fn"}       **--.08**[\*\*](#t003fn002){ref-type="table-fn"}
   Physical abuse                             5.63    1.67   **--.10**[\*\*](#t003fn002){ref-type="table-fn"}   **--.11**[\*\*](#t003fn002){ref-type="table-fn"}   --.01                                              **--.13**[\*\*](#t003fn002){ref-type="table-fn"}
   Sexual abuse                               5.36    1.21   **--.08**[\*\*](#t003fn002){ref-type="table-fn"}   **--.09**[\*\*](#t003fn002){ref-type="table-fn"}   --.004                                             **--.10**[\*\*](#t003fn002){ref-type="table-fn"}
   Emotional neglect                          9.18    4.12   **--.27**[\*\*](#t003fn002){ref-type="table-fn"}   **--.27**[\*\*](#t003fn002){ref-type="table-fn"}   **--.13**[\*\*](#t003fn002){ref-type="table-fn"}   **--.29**[\*\*](#t003fn002){ref-type="table-fn"}
   Physical neglect                           7.53    2.77   **--.25**[\*\*](#t003fn002){ref-type="table-fn"}   **--.20**[\*\*](#t003fn002){ref-type="table-fn"}   **--.16**[\*\*](#t003fn002){ref-type="table-fn"}   **--.27**[\*\*](#t003fn002){ref-type="table-fn"}
  [Total adverse events experienced]{.ul}     .81     1.70   **.13**[\*\*](#t003fn002){ref-type="table-fn"}     **.10**[\*\*](#t003fn002){ref-type="table-fn"}     **.10**[\*\*](#t003fn002){ref-type="table-fn"}     **.11**[\*\*](#t003fn002){ref-type="table-fn"}

\* p \< .05, two-tailed;

\*\* p \< .01, two-tailed; significant results in bold.

**Instruments:** total burden on health = PHQ-4; childhood trauma = CTQ; total adverse events experienced = LEC-5.

*M* = mean; *SD* = standard deviation; SOC-R = revised sense of coherence (SOC-R) scale.

The role of gender within the SOC-R {#sec022}
-----------------------------------

There were balanced proportions of males (*n* = 1113) and females (*n* = 1240) in the sample who completed the SOC-R scale. An independent t-test showed that the difference (.657, 95% CI \[.010, 1.303\]) in the SOC-R total score between gender was marginally significant, (*t* (2371) = 1.99, *p* = .05), with males (*M* = 45.16) showing slightly higher scores than females (*M* = 44.50). However, this was with a very small effect size (*d* = .082) suggesting a negligible difference. The 'manageability' subscale also showed a significant difference (.440, 95% CI \[.173, .708\]) in SOC-R between the two genders, (*t* (2371) = 3.23, *p* \< .01), with males (*M* = 17.62) showing marginally higher scores than females (*M* = 17.18). However, this was also with a small effect size (*d* = .133). Non-significant results with small effect sizes were shown for both the 'balance' and 'reflection' subscales.

The role of age within the SOC-R {#sec023}
--------------------------------

Participants were divided into age groups to examine differences in SOC-R between the groups (see [Table 1](#pone.0209550.t001){ref-type="table"} for sample characteristics of the different age groups). ANOVA results showed that SOC-R differed significantly between the age groups, (*F* (4, 2368) = 9.91, *p* \< .01, η^2^ = .02). See [Fig 2](#pone.0209550.g002){ref-type="fig"} for the plot of differences in SOC-R between age groups (see [Fig 2](#pone.0209550.g002){ref-type="fig"}). Similar results were shown for the 'manageability' subscale (*F* (4, 2368) = 11.89, *p* \< .01, η^2^ = .02), 'balance' subscale (*F* (4, 2368) = 5.32, *p* \< .01, η^2^ = .01), and 'reflection' subscale (*F* (4, 2368) = 7.32, *p* \< .01, η^2^ = .01). Additional post-hoc analyses showed that significant differences were found between the youths age group and all other age groups for both the SOC-R total scale (*p* \< .01) and all the subscales 'manageability' (*p* \< .01), 'balance' (*p* \< .05), and 'reflection' (*p* \< .01).

![Plot of mean differences between age groups in revised sense of coherence (SOC-R) total.](pone.0209550.g002){#pone.0209550.g002}

The role of education within the SOC-R {#sec024}
--------------------------------------

Differences in SOC-R were examined between groups of participants with differing education levels (see [Table 1](#pone.0209550.t001){ref-type="table"} for the sample characteristics of the different education groups). Results showed that SOC-R differed significantly between the education levels, (*F* (4, 2362) = 13.98, *p* \< .01, η^2^ = .02). Similar results were shown for the 'manageability' subscale (*F* (4, 2362) = 10.14, *p* \< .01, η^2^ = .02), 'balance' subscale (*F* (4, 2362) = 4.90, *p* \< .01, η^2^ = .01), and 'reflection' subscale (*F* (4, 2362) = 17.65, *p* \< .01, η^2^ = .03). Additional post-hoc analyses showed that significant differences in SOC-R were found between the university education group and the lower than primary school education group (*p* \< .01), the primary school education group (*p* \< .01), and the secondary/high school education group (*p* \< .01). A marginally significant difference was also shown between the vocational training group and the primary school education group (*p* = .05). Similar results were shown for the subscales, with additional significant differences found for the 'manageability' subscale between the vocational training group and the secondary/high school education group (*p* \< .05); and for the 'reflection' subscale between the secondary/high school education group and the primary school education group (*p* \< .05). Overall, SOC-R total and subscale scores were higher for more educated participants than for less educated participants.

The moderating role of SOC-R on life adversities and depression {#sec025}
---------------------------------------------------------------

Moderation analysis was used to examine the influence of SOC-R on the relationship between adversities (in the form of childhood trauma and maltreatment and lifetime traumatic events) and anxiety and depression. In relation to childhood trauma and maltreatment, participants reported highest levels of emotional neglect (*M* = 9.18) followed by physical neglect (*M* = 7.53), emotional abuse (*M* = 6.52), physical abuse (*M* = 5.63), and sexual abuse (*M* = 5.36), respectively. With regard to anxiety, no significant interaction effects were shown for the CTQ subscales and total SOC-R.

With regard to depression, a significant interaction effect was shown for emotional neglect and total SOC-R (*b* = .001, 95% CI \[.000, .002\], *t* = 2.29, *p* \< .05), indicating that SOC-R significantly moderates the relationship between emotional neglect and depression. A significant positive relationship was observed between emotional neglect and depression at low levels of SOC-R (*b* = .046, 95% CI \[.034, .059\], *t* = 7.25, *p* \< .01), mean levels of SOC-R (*b* = .056, 95% CI \[.044, .068\], *t* = 9.34, *p* \< .01), and high levels of SOC-R (*b* = .066, 95% CI \[.050, .082\], *t* = 7.97, *p* \< .01), suggesting that emotional neglect was significantly associated with depression at all levels of SOC-R. Low levels refer to one standard deviation below the mean value of the moderator (i.e. SOC-R) and high levels refer to one standard deviation above the mean value of the moderator. However, visual inspection of the interaction plot showed that individuals with high SOC-R had lower scores of depression in comparison to individuals with mean and low SOC-R, particularly at mean and low levels of emotional neglect. See [Fig 3](#pone.0209550.g003){ref-type="fig"} for the plot of the significant interaction and moderation effects. No significant interaction effects were shown with the other CTQ subscales.

![Plot of the regression of emotional neglect on depression at different levels of the moderator (SOC-R).\
Note: High and low levels refer to one standard deviation above and below the mean value of the moderator (i.e. SOC-R).](pone.0209550.g003){#pone.0209550.g003}

In relation to cumulative lifetime traumatic events, no significant interaction effect was shown for anxiety and total SOC-R. However, a significant interaction effect was shown for depression and total SOC-R (*b* = --.005, 95% CI \[--.009,--.001\], *t* = --2.37, *p* \< .05), indicating that SOC-R significantly moderates the relationship between lifetime traumatic events and depression. A significant positive relationship was observed between lifetime traumatic events experienced and depression at low levels of SOC-R (*b* = .138, 95% CI \[.078, .198\], *t* = 4.52, *p* \< .01), mean levels of SOC-R (*b* = .098, 95% CI \[.059, .138\], *t* = 4.92, *p* \< .01), and high levels of SOC-R (*b* = .059, 95% CI \[.018, .099\], *t* = 2.85, *p* \< .01). However, the decreasing effect indicates a buffering effect in which increases in total SOC-R decrease the effect of adverse events on depression. Visual inspection of the interaction plot supports this, as individuals with high SOC-R had lower scores of depression in comparison to individuals with mean and low SOC-R, particularly at high levels of traumatic events. See [Fig 4](#pone.0209550.g004){ref-type="fig"} for the plot of the significant interaction and moderation effects.

![Plot of the regression of total adverse events experienced on depression at different levels of the moderator (SOC-R).\
Note: High and low levels refer to one standard deviation above and below the mean value of the moderator (i.e. SOC-R).](pone.0209550.g004){#pone.0209550.g004}

Discussion {#sec026}
==========

The revised SOC scale has previously been validated in non-representative samples biased with respect to level of adversity, gender, and age. It was therefore the aim of the current study to evaluate the revised SOC scale to examine its psychometric properties in a population-based representative sample. CFA confirmed the previously identified three-factor structure of the SOC-R with the dimensions 'manageability', 'balance', and 'reflection', with acceptable model fit indices. Reliability analyses revealed good internal consistency. Discriminant validity indicates that the SOC-R is an independent construct with regard to examined measures of psychopathology and childhood trauma and maltreatment. Gender groups differed marginally in the total SOC-R scale and significantly in the subscale 'manageability'. With regard to age, we found a meaningful difference between the youngest age group and all other age groups in the SOC-R total scale, as well as all subscales. Higher education was found to be related to higher levels of SOC-R. Moderation analyses revealed that SOC-R may exert a protective influence on depression at all levels of cumulative lifetime traumatic events (low, mean, high), as well as on low and mean levels of childhood maltreatment (i.e. emotional neglect).

The previously identified three-factor structure of the SOC-R \[[@pone.0209550.ref014], [@pone.0209550.ref019]\] with the dimensions 'manageability', 'balance', and 'reflection' were replicated in the current study. Best model fit was found in the modified model, in which certain error variances were allowed to co-vary. Item loadings were mostly found to be significant, with the exception of item 2 of the 'manageability' subscale (i.e. item 6 of the whole SOC-R scale: "Difficult situations overstrain me"). This item is the only reverse-coded item in the whole scale, which might be a reason for its low factor loading. The implied opposite of being 'overstrained' by a difficult situation may not truly capture the core meaning of the 'manageability' subscale (i.e. the ability to come to terms with difficult situations). It may be advisable to rephrase this particular item into "I perceive difficult situations as challenges to be / I can overcome", for instance. Item 2 of the 'balance' subscale (i.e. item 3 of the whole scale: "I know that I could suddenly experience something really horrible or shocking"), showed a poor factor loading in Sample 3 \[[@pone.0209550.ref019]\]. However, this item significantly loaded on the 'balance' subscale and also met cut-off criteria, indicating no issues with that particular item in the current study. Due to the moderately high correlations between the three subscales and based on the research by Bachem and Maercker \[[@pone.0209550.ref014]\], the SOC-R construct was included in the CFA model as a higher-order factor \[[@pone.0209550.ref035], [@pone.0209550.ref041]\]. This resulted in significant factor loadings, suggesting that the SOC-R construct consists of three sub-constructs (i.e. the three subscale factors). This structure supports the model proposed by Bachem and Maercker \[[@pone.0209550.ref014]\]. In sum, with this study in a representative sample we were able to confirm the three-factor structure which composes SOC-R. It may be necessary to reword item 6 of the SOC-R scale in order to address the low factor loadings of this item.

Reliability analyses revealed good internal consistency for the total scale. Good internal consistency was also shown for the 'reflection' subscale and adequate internal consistency for the 'manageability' and 'balance' subscales. We can conclude from this that a repeatedly found weakness of the instrument, i.e. the less than optimal internal consistency for the 'balance' subscale \[[@pone.0209550.ref014], [@pone.0209550.ref019]\], might have been caused by sample size and / or particular sample characteristics and is not due to an inherent lack of internal consistency of the revised scale. Given the fact that data was assessed at only one time point, we cannot make any conclusions about the stability of the instrument. The longest observation period so far is the time-frame of 15 months in the study by Bachem and Maercker \[[@pone.0209550.ref014]\]. Future studies are needed to test the stability of the measure over time.

Discriminant validity analyses revealed meaningful significant negative correlations of the SOC-R total score, as well as the subscales 'manageability' and 'reflection', with measures of psychopathology, i.e. total health burden and depression and anxiety, with small effect sizes. The 'balance' subscale was positively associated with those measures, with small effect sizes. These results indicate that the SOC-R shows some relation to psychopathology, but the small effect sizes support the idea that the SOC-R does not simply constitute an inverse measure of psychopathology \[[@pone.0209550.ref010]\], particularly in view of the positive correlation with the 'balance' subscale and the positive correlation between the LEC-5 and total SOC-R, as well as with the subscales.

Gender was shown to have a marginal impact on the SOC-R total scale. It may be assumed that the significant difference between males and females on the subscale 'manageability' might have contributed to the overall marginal significant difference between genders on the SOC-R scale. Taking into consideration the small and negligible difference evidenced by the very small effect size, we may cautiously conclude that SOC-R total score may not be affected by gender. The significant difference in the 'manageability' subscale, with males showing higher levels, was also very small in size. It may therefore be that this particular subscale is affected by the influence of gender. It can only be speculated why the 'manageability' subscale is more affected by gender in comparison to the other subscales. One possible explanation for this may be the fact that the 'manageability' subscale mostly involves coping related items/aspects; and previous research suggests that males and females appear to differ with regard to applied coping strategies \[[@pone.0209550.ref042], [@pone.0209550.ref043]\]. Future studies are needed to specifically examine the influence of gender on the subscales of the SOC-R.

We found a significant difference between the age group 'youths', including participants up to 18 years, and all other age groups for both the SOC-R total scale and all subscales. This finding implies an impact of age (phase) on the SOC-R scale. In the 'youth' age group, SOC may not be as well-developed as in the older age groups, which might have caused the lower levels. The non-significant differences in the SOC-R between all older age groups suggest stability in the measure after initial formation. While this finding partially parallels Antonovsky's theoretical assumption \[[@pone.0209550.ref003]\] of SOC development over the life course (i.e. increase in SOC until young adulthood, stability until retirement, and subsequent decline) \[[@pone.0209550.ref005]\], it is not in accordance with cross-sectional \[[@pone.0209550.ref044]\] and longitudinal studies \[[@pone.0209550.ref045]\] that suggest an increase in SOC in the process of aging (see also, \[[@pone.0209550.ref046]\]). Given the cross-sectional (i.e. interindividual) assessment of the SOC-R over different age-groups in the current study, we may not make final conclusions about the trajectories of the revised sense of coherence conceptualization and scale across the lifespan. Future studies should conduct follow-up analyses with participants over longer periods of time to deduce intraindividual stability of the SOC-R.

Higher education was found to be related to higher scores in the SOC-R total scale as well as in all three subscales. This is in line with and expands previous findings reported by Bachem and Maercker \[[@pone.0209550.ref014]\], who found a positive association between the subscales 'reflection' and 'manageability' and level of education. However, Bachem and Maercker \[[@pone.0209550.ref014]\] found this positive relationship only in the healthy control sample and not in the bereaved sample which was interpreted as a weaker impact of education in the context of adversity.

Moderation analyses revealed that in the case of lifetime traumatic events, higher SOC-R was found to lower the association between these events and depression. Independent of the number of traumatic events (i.e. low, mean, high), individuals with high SOC-R showed lower levels of depression than individuals with lower SOC-R scores. This indicates a potentially protective effect of the SOC-R on the association between traumatic events and depression. A different picture emerged when looking at childhood trauma and maltreatment: Moderation analyses with the CTQ indicated that while high levels of SOC-R seemed to exert a protective effect on depression at low and mean levels of emotional neglect, this effect disappeared at high levels of emotional neglect. Due to the sensitive period of childhood with regard to psychoneuroendocrinological development, adversities may exert a more pronounced impact on the mental health of the affected individual, in comparison to adversities experienced later in life (see for instance, \[[@pone.0209550.ref021], [@pone.0209550.ref047], [@pone.0209550.ref048]\]). In the face of high levels of adversity, protective influences may therefore be generally less effective. However, this is a speculative conclusion.

A major strength of the current study is the representative nature of the sample. An additional strength is the inclusion of various measures of trauma and maltreatment, covering not only the sensitive period of childhood but also lifetime traumatic events.

Limitations of the study {#sec027}
------------------------

One point that must be acknowledged, given the revised nature of the SOC-R scale, is the comparability of SOC-R to Antonovsky's \[[@pone.0209550.ref001]\] original SOC scale. While Antonovsky's original SOC deals with the predictability and comprehensibility of life \[[@pone.0209550.ref001], [@pone.0209550.ref003]\], the SOC-R concept takes a more neutral position of dealing with the ambiguity of life experiences \[[@pone.0209550.ref014]\]. Nevertheless, both concepts similarly refer to a method for dealing with life experiences in a way that facilitates the successful overcoming of stressors. SOC-R may therefore be viewed as a refined SOC construct. In fact, Antonovsky predicted such a revision: "... there is no doubt in my mind that in 5 years or so, sufficient evidence will have accumulated to provide the basis for a second generation SOC scale" (p. 732, \[[@pone.0209550.ref004]\]). The SOC scale was revised by Bachem and Maercker \[[@pone.0209550.ref014]\] in order to build on the original SOC and improve the psychometric properties. In particular, SOC-R has been shown to be more clearly differentiated than the original SOC, as it showed less overlap with psychopathological constructs, such as depression and anxiety (in the current study), as well as with self-efficacy and the personality traits of neuroticism and optimism \[[@pone.0209550.ref014], [@pone.0209550.ref019]\]. Findings for this revised scale support SOC-R to be a more refined and better delineated sense of coherence. However, research with the SOC-R is still at the early stages and further studies are required to replicate this.

Additionally, while the discriminant validity hints at the refinement of the scale, future studies would benefit from further assessing the convergent validity of the SOC-R. For instance, previous studies suggest small positive associations between SOC-R and the personality trait of optimism \[[@pone.0209550.ref014], [@pone.0209550.ref019]\]. However, as SOC-R is proposed to facilitate the appropriate use of recourses, it may therefore be viewed as a mediatory construct, which may be more useful for targeting in psychotherapeutic and clinical settings, in comparison to more stable dispositions (e.g., personality). This is supported by the moderating role of SOC-R shown in the current study. Nevertheless, further research should assess convergent validity and incremental validity with constructs representing basic dispositions, such as the Big Five or HEXACO personality traits or intelligence.

Our results must be interpreted in the view of the further limiting factors: while the PHQ-4 is a broadly used instrument for depression and anxiety, it constitutes a screening, rather than a diagnostic measure. Our results should be replicated in studies applying established diagnostic instruments for the assessment of depression and anxiety. In addition, the cross-sectional design of the current study can be regarded as limiting factor as it does not allow the intraindividual development to be assessed with regard to the SOC-R over time. Finally, as data was assessed using self-report measures, future studies should include objective measures to exclude the possibility that findings were methodologically biased.

In conclusion, with the current study we were able to further support the psychometric properties of the revised SOC scale. Furthermore, we showed the moderating effect of SOC-R on the relationship between adversity (particularly cumulative lifetime traumatic events) and depression. This further emphasizes the necessity of considering salutogenic influences to better understand interindividual responses to childhood trauma and maltreatment.
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